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LANE MARKER RECOGNIZING 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an apparatus for recog 
niZing road con?gurations ahead of an oWn vehicle by 
identifying lane markers draWn on road surfaces. 

2. Background Art 
Recently, people have shoWn an interest in an apparatus 

for monitoring vehicle surroundings (hereinafter, referred to 
as vehicle surroundings monitoring apparatus) for recogniZ 
ing road con?gurations in front of an oWn vehicle using a 
previeW sensor such as monocular camera, stereoscopic 
camera and the like. In order to recogniZe the road 
con?guration, it is important to detect lane markers (White 
markers, no passing lines and the like) draWn on road 
surfaces. In case Where a monocular camera is used as a 

previeW sensor, the detection of lane markers is performed 
only based on information of tWo-dimensional picture 
image, that is, brightness of image. HoWever, the picture 
image obtained from the monocular camera does not provide 
distance information to an object. Accordingly, there is a 
possibility that objects having a brightness characteristic 
similar to lane markers, such as pillars of preceding vehicles, 
guardrails and the like, are recogniZed as lane markers. 
On the other hand, in case Where a stereoscopic camera is 

used in place of a monocular camera, it is possible to obtain 
distance information to objects from a pair of picture 
images. This is absolutely advantageous over the monocular 
camera. Japanese Patent Application Laid-open No. Toku 
Kai-Hei 5-265547 discloses a technology in Which a dis 
tance image (distribution characteristic of distance in picture 
images) is calculated based on a parallax in stereo images 
and objects (preceding vehicles, road surfaces and the like) 
are recogniZed only from the distance image. 

In case Where the lane markers are recogniZed only based 
on the distance image obtained from the stereo images, there 
is a possibility that objects having the con?guration similar 
to lane markers and the different brightness characteristic are 
recogniZed as lane markers, because only rough con?gura 
tions of objects are obtained from the distance distribution 
built in the distance image. Such objects, for example, are 
traces of tire slips, shades, patches and the like. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a lane 
recognition apparatus capable of recogniZing the position of 
lane markers in the real space using both of the distance 
information obtained from a pair of picture images and the 
brightness information in the picture images. Further, it is 
another object of the present invention to enhance the 
reliability of the vehicle surroundings monitoring control by 
raising the accuracy of recognition of lane markers. 

To achieve these objects, a lane recognition apparatus for 
recogniZing lane markers on a road surface based on a pair 
of stereo images of a scene in front of an oWn vehicle 
obtained from a stereoscopic camera, comprises a stereo 
image processing means for calculating a distance informa 
tion of an image based on the pair of the images, a lane 
detecting means for detecting a lane marker of a lane in the 
image based on a brightness information of the image and 
the distance information calculated by the stereo image 
processing means and a lane position recognition means for 
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2 
recogniZing a position of the lane marker in real space based 
on a position of the lane marker detected by the lane 
detecting means and the distance information calculated by 
the stereo image processing means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a stereoscopic type 
vehicle surroundings monitoring apparatus according to the 
present invention; 

FIG. 2 is a ?oWchart shoWing steps for recogniZing lane 
markers according to the present invention; 

FIG. 3 is a ?oWchart shoWing steps for detecting lane 
markers according to the present invention; 

FIG. 4 is a diagram for explaining the direction of 
detecting of lane markers in an image area; 

FIG. 5 is a diagram for explaining the range of pre 
detecting of lane markers in an image area; 

FIG. 6 is a diagram shoWing a detection area established 
in accordance With a mode; 

FIG. 7 is a diagram shoWing a brightness characteristic of 
a horiZontal line in Which a lane marker exists; 

FIG. 8 is a diagram of a lane model; 
FIG. 9 is an explanatory vieW of the establishment of a 

detection area in a mode 2; 

FIG. 10 is an explanatory vieW of the establishment of a 
detection area in a mode 0; 

FIG. 11 is a vieW for explaining the enlargement of a 
detection area; 

FIG. 12 is a diagram shoWing a difference of brightness 
characteristic according to a difference of objects on a road 
surface; 

FIG. 13 is a diagram shoWing an image in Which a 
preceding vehicle is projected; 

FIG. 14 is a diagram shoWing a relationship betWeen 
brightness and distance in the image illustrated in FIG. 13; 

FIG. 15 is a diagram shoWing an image in Which a trace 
by braking is projected; 

FIG. 16 is a diagram shoWing a relationship betWeen 
brightness and distance in the image illustrated in FIG. 15; 

FIG. 17 is an explanatory vieW of a method of calculating 
a pitching motion of an oWn vehicle; 

FIG. 18 is an explanatory vieW of a Wide detection; 
FIG. 19 is a diagram for explaining a relationship betWeen 

the presence of an up-and-doWn and the con?guration of a 
curve; and 

FIG. 20 is a diagram for explaining a Weighing in accor 
dance With the position in the process of evaluating lane 
candidates. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring noW to FIG. 1, numeral 1 denotes a stereoscopic 
camera for imaging the scenery ahead of an oWn vehicle. 
The stereoscopic camera 1 is installed in the vicinity of a 
room mirror and is constituted by a pair of cameras 2a, 2b 
incorporating image sensors such as CCD and the like 
therein. The cameras 2a, 2b are transversely mounted at a 
speci?ed interval of distance (base line length). The camera 
2a (right camera) is referred to as a main-camera for 
obtaining reference images and is mounted on the right side 
of the vehicle When vieWed from a driver. On the other hand, 
the camera 2b (left camera) is referred to as a sub-camera for 
obtaining comparison images and is mounted on the left side 
of the vehicle When vieWed from the driver. 
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Analogue images outputted from the respective cameras 
2a, 2b in a synchronous timing are converted into digital 
images having a speci?ed number of graduations (for 
example, 256 graduations in the gray scale) by A/D con 
verters 3, 4. Further, With respect to thus digitaliZed images, 
an image correcting section 5 performs a correction of 
brightness, a geometrical transformation of images and the 
like. 

Through these image processes, reference image data 
composed of 512 pixels horiZontally and 200 pixels verti 
cally are generated from output signals of the main camera 
2a and comparison image data having the same vertical 
length (200 pixels) as the reference image and a horiZontal 
length larger than the reference image (640 pixels) are 
generated from output signals of the sub camera 21. The 
reference image data and the comparison image data are 
stored in an image data memory 8. 

A stereo image processing section 6 calculates a parallax 
based on the reference image data and comparison image 
data. Since one parallax is calculated for every pixel block 
composed of 4x4 pixels, maximum 128x50 pieces of par 
allaxes are calculated for one frame of the reference image. 
With respect to a certain pixel block (hereinafter, referred to 
as an object pixel block) in the reference image, an area 
having a brightness correlation With the object pixel block, 
that is, a correlation object is searched and identi?ed in the 
comparison image. Hereinafter, this process is referred to as 
“stereo matching”. As Well knoWn, the distance to an object 
projected in a stereo image is presented as a horiZontal 
deviation amount betWeen the reference image and com 
parison image. Accordingly, in searching the comparison 
image, the search may be performed along a horiZontal line 
(epi-polar line) having the same j coordinate value as the 
object pixel block in the reference image. The stereo image 
processing section 6 evaluates a correlation With the object 
pixel block for every pixel block of the comparison image 
While shifting one pixel by one pixel on the epi-polar line. 

The correlation betWeen tWo pixel blocks can be evalu 
ated by calculating a city block distance CB expressed in 
Formula 1, for example: 

CB=|p1ij-p2ij| [Formula 1] 

Where CB is a city block distance, p1ij is a brightness value 
of a pixel at the address ij in the reference image and p2ij is 
a brightness value of a pixel at the address ij in the 
comparison image. The city block distance CB is a sum of 
the difference (absolute value) of brightness values p1ij and 
p2ij over entire pixel blocks. The correlation betWeen both 
pixel blocks becomes larger as the difference is small. 

The city block distance CB is calculated for every pixel 
block existing on the epipolar line . When the value of city 
block distance CB is smallest at a certain pair of pixel 
blocks, the other pixel in the comparison image is judged to 
be a correlation object of the object pixel block. The 
deviation amount betWeen the object pixel block and the 
identi?ed correlation object is a parallax. 

Further, the stereo image processing section 6 evaluates 
an existence or a non-existence of horiZontal brightness 
edges of the pixel block, a relationship betWeen a maximum 
and minimum values of the city block distance CB calcu 
lated on the same epi-polar line and the like. Further, in order 
to raise the reliability of parallaxes, a ?ltering process is 
applied to the parallaxes based on the result of the evalua 
tion. As a result of the ?ltering process, only parallaxes 
regarded as effective are outputted. AhardWare construction 
for calculating the city block distance CB and the ?ltering 
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4 
process are described in detail in the Japanese Patent Appli 
cation Laid-open No. Toku-Kai-Hei 5-114099. If necessary, 
the reference should be made to the disclosure. After those 
processes, the calculated effective parallax are stored in a 
distance memory 7. 
A micro-computer 9 or functionally, a road recognition 

section 10 recogniZes road con?gurations (lane markers) 
ahead of the vehicle based on the reference image data 
(brightness information) stored in the image data memory 8 
and the parallaxes stored in the distance memory 7. The road 
con?gurations can be identi?ed by recogniZing the con?gu 
rations of left and right lane markers (White markers, no 
passing lines and the like). The primary feature of the 
embodiment lies in this lane recognition and more detailed 
descriptions of the recognition method Will be made here 
inafter. 
A solid object recognition section 11 recogniZes solid 

objects (preceding vehicles and the like) in front of the 
vehicle. In recogniZing road con?gurations or solid objects, 
vehicle behavior information from a vehicle speed sensor 
(not shoWn) or a steering angle sensor (not shoWn) or 
navigation information from a navigation apparatus (not 
shoWn) are taken into consideration. Further, a processing 
section 12 arouses a driver’s attention by a Warning device 
18 such as display, speaker and the like or, if necessary, 
controls miscellaneous control sections 13 through 17, in 
case Where it is judged based on information from the 
recognition sections 10 and 11 that a Warning is necessary. 
For example, sometimes an automatic transmission control 
section 13 is instructed to carry out a shift-doWn and 
sometimes an engine control section 17 is instructed to 
reduce engine power. Other appropriate vehicle controls 
may be instructed to an anti-lock brake system (ABS) 
control section 14, a traction control system (TCS) control 
section 15 or avehicle behavior control section 16 for 
controlling torque distributions and rotation speeds of 
respective Wheels. 

FIG. 2 is a ?oWchart shoWing steps for recogniZing lane 
markers. The road recognition section 10 repeatedly carries 
out steps shoWn in this ?oWchart until one picture image is 
completed. In this speci?cation, the one picture-full data is 
referred to as “one frame”. 

Before entering the description of respective steps shoWn 
in FIG. 2, ?rst steps for completing one frame of the 
reference image Will be described by reference to FIG. 4. 
The image in Which lane markers are detected is referred 

to as “reference image” having an area siZe of 512x200 
pixels. In descriptions hereinafter, the reference image is 
referred to as just “image”. The lane detection is performed 
in the horiZontal direction or in the vertical direction for 
every horiZontal line, as illustrated in FIG. 4. Aplurality of 
horiZontal lines are established in the reference image from 
a detection starting line js to a detection ending line je. These 
starting and ending lines may be established ?xedly or may 
be established variably according to the pitching condition 
of the oWn vehicle. 
The detection process in the vertical direction is per 

formed from the near side to the far side, namely, from 
beloW to above in the image, basically for every horiZontal 
line. In this embodiment, the horiZontal line is one pixel 
Wide, hoWever, it may be a plurality of pixels Wide. Further, 
in order to reduce the amount of calculation, the interval of 
sampling, that is, the interval of the horiZontal line may be 
established to gradually increase as the detection process 
goes doWnWard of the image. The position of lane marker in 
an entire image is determined by combining the position of 
partial lane markers on respective horiZontal lines. The 
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reason Why the detection in the vertical direction is per 
formed in such an order as going from below to above is that 
short distance lane markers can be detected relatively easily 
and include numerous data concerning lane markers. This is 
advantageous in making a detection process of the neXt 
horiZontal line based on the position of lane markers already 
detected in the same frame. Because of this reason, the 
parallaXes obtained from the stereo image processing section 
6 are successively processed in an order from the short 
distance side (beloW of image) to the long distance side 
(above of image) 

Further, the detection process in the horiZontal direction is 
performed successively for every one piXel from the center 
of the image to left and right side, respectively, that is, the 
detection of left lane markers is performed from right to left 
and the one of right lane markers is performed from left to 
right. This is because the inside of left and right lane markers 
is a road surface Whose brightness condition is easy to be 
estimated and consequently there is a small possibility of 
detecting lane markers erroneously, compared to the detec 
tion in an inverse direction. On the other hand, since 
normally miscellaneous objects such as gutters and the like 
are projected on the outside of the lane markers, it is not easy 
to estimate the brightness condition of all objects likely to 
eXist at that area. Accordingly, if the detection is performed 
from the outside to inside of lane marker, there is a possi 
bility that the erroneous detection of lane markers often 
happens and it takes time to perform a detection process. 

Thus, the detection process along a horiZontal line starts 
from the inside of lane marker and ends upon the detection 
of “a lane end point”. The term “lane end point” Will be 
described hereinafter. 

Referring to a ?oWchart shoWn in FIG. 2, at a step 1, ?rst 
the road recognition section 10 proceeds initialiZing pro 
cesses. In this embodiment, the lane recognition is per 
formed in a plurality of segments, respectively. The initial 
iZing processes at the step 1 include establishments of a 
segment for ending the lane detection, an arrangement for 
indicating What segment the respective horiZontal lines 
belong to, a line for correcting a road height and the like. 

Next, at a step 2, the position of lane markers is detected 
in an image (reference image) of one frame. Since the lane 
detection is eXecuted for every horiZontal line in order, the 
position of lane markers is a point on the horiZontal line 
(hereinafter, referred to as “lane point”) and the lane point is 
detected. FIG. 3 is a ?oWchart shoWing detailed steps of lane 
detection processes. 
An initial value of a counter j indicating the vertical 

position of the horiZontal line is set to 0. When the counter 
value j is equal to 200 at a step 29, the routine ends. Since 
the horiZontal line indicated by the counter j is an object of 
process, the horiZontal line is referred to as “object line j”. 
As described above, the horiZontal line on Which the lane 

detection is performed starts With a detection start line js and 
end With a detection end line je. Accordingly, With respect to 
horiZontal lines beloW the detection start line js, the lane 
detection is not performed. Consequently, only the incre 
ment of the counter j is carried out at the step 29 until the 
counter j counts js. 
When the increment of the counter j goes on and the 

object line j becomes a pre horiZontal line jpre, the program 
goes from step 21 to a step 22 as a result of the positive 
judgment. The pre horiZontal line jpre is four consecutive 
horiZontal lines (js-4, js-3, js-2 and js-1) located immedi 
ately beloW the detection start line js. At a step 22, a road 
surface brightness Aroad is detected before the start of the 
lane detection. The road surface brightness Aroad is, as 
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6 
shoWn in FIG. 5, calculated based on brightness Within a left 
pre-detection range PRE1 and a right pre-detection range 
PRE2 respectively. The pre-detection ranges PRE1, PRE2 
are constituted by four pre-horiZontal lines jpre and a 
detection start line is and are established at an area eXcept 
the central portion of the image. The left and right pre 
detection ranges PRE1, PRE2 are ?xedly established at an 
area Where the lane markers are likely to be projected under 
normal driving conditions. Further, a histogram of bright 
ness is calculated in respective detection ranges PRE1, 
PRE2, letting a brightness value most frequently observed 
be a road surface brightness Aroad in the respective ranges, 
namely, in the area of left and right lane markers. The road 
surface brightness Aroad is used as a base value (base value 
of threshold value) in judging the left (or right) lane marker 
at a step 24. 

Since a threshold value for judging lane markers is 
established for each horiZontal line, it is necessary to iden 
tify the road surface brightness Aroad in the vicinity of the 
line. Since the road surface brightness Aroad varies accord 
ing to camera angles or areas on a road surface, in order to 
raise the accuracy of lane detection, it is preferable to detect 
the road surface brightness Aroad independently for every 
object line. Speci?cally, the road surface brightness Aroad is 
calculated from ?ve horiZontal lines (one object line and 
four horiZontal lines immediately therebeloW). Accordingly, 
in order to detect lane markers of the detection start line js, 
brightness information of four horiZontal lines immediately 
beloW the line js (these are not objects of lane detection) is 
needed. For that reason, in case Where it is judged at the step 
21 that the object line j is a pre-horiZontal line jpre, at a step 
22 a road surface brightness Aroad is determined beforehand 
for the preparation of the lane detection in the detection start 
line js. 

Since the object line j shifts from beloW to above, the road 
surface brightness Aroad of the object line j is calculated 
based on brightness information of respective lines already 
detected and stored in RAM of the micro-computer 9. 
Therefore, after the object line reaches a detection start line 
is, the step 22 is not carried out and thereafter, the detection 
of road surface brightness Aroad for respective object lines 
j is performed at a step 24. 
When the object line j reaches a detection start line js, the 

program goes from the step 21 directly to the step 23. At the 
step 23, a detection area Rj is established on the object linej. 
The detection area Rj speci?es a range of lane detection on 
the object line j, being established individually for every 
horiZontal line. Three establishment modes are prepared as 
folloWs in establishing the detection area Rj. The establish 
ment mode is changed over according to the detecting 
situation of lane marker in the previous horiZontal line. By 
selecting a most appropriate establishment mode for every 
horiZontal line, it is possible to establish an area as narroW 
as possible and capable of surely detecting lane markers. 

[Establishment mode of Detection Area] 
Mode 0: A mode in Which the position of lane marker 

(lane position) on the object line j is estimated based on the 
detection result of a previous horiZontal line in a present 
frame and the detection area is established on the basis of the 
estimated lane position. 
Mode 1 : A mode in Which a narroW detection area is 

established using the result of recognition (lane position) in 
a previous frame. 
Mode 2: A mode in Which a Wide detection area is 

established using the result of recognition (lane position) in 
a previous frame. 
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FIG. 6 is a diagram showing a detection area R estab 
lished according to a mode. The mode is set to Mode 2 in the 
initial condition. Accordingly, a Wide detection area Rjs is 
established on the detection start line js on the basis of a lane 
position detected in a previous frame. The lane detection is 
proceeded for each line in Mode 2. From the vieW point of 
reducing processing time and raising the accuracy of 
detection, is necessary to establish an area as narroW as 
possible. Hence, the siZe (Width) of the detection area Rj of 
the object line j is regulated based on “reliability of lane 
markers” detected in the previous frame. That is, as “reli 
ability of lane markers” is high, there is a larger possibility 
that a lane marker exists in the present frame in the same 
position as the previous frame. In this case, an alloWance 
being established in consideration of behaviors of the 
vehicle such as forWard and backWard movements, pitching 
movement and the like, a narroW detection area Rj is 
established based on a lane point P of the previous frame. On 
the other hand, in case Where “reliability of lane markers” is 
loW, if a narroW detection area is established, there is a 
possibility that a lane marker goes out of the detection area 
R. Therefore, in this case, it is necessary to establish a Wide 
detection area R. 

The reliability of lane markers is calculated at a step 5. 
The detection area is established based on this calculated 
reliability of lane markers. The speci?c method of evalua 
tion of the reliability Will be described in detail hereinafter. 
Describing roughly, the reliability of lane markers are deter 
mined taking a continuity of the lane position (position of 
lane marker) betWeen frames and the number of data of the 
lane position. 

Further, as shoWn in FIG. 9, the Width of the detection 
area Rj on each object line j is established to be smaller as 
the line j lies high in the image even With the same degree 
of reliability. The lane in the image becomes narroWer as it 
is far. Hence, the Width of the detection area R is established 
to be smaller as the detection area lies high (far) in the 
image. It is the same With in Mode 1. 

First, the detection area R is established in Mode 2 and 
When the lane marker is detected in a horiZontal line lager 
than a speci?ed number, the mode shifts to Mode 0. In Mode 
0, a narroWest detection area R among three modes is 
established. In this mode, the result of detection before the 
horiZontal line j—1 (line immediately beloW the object line) 
is used. FIG. 10 is a diagram for explaining the establish 
ment of the detection area Rin Mode 0. First, a lane point P 
is detected on the horiZontal line j—1 and a gradient 0t of the 
lane marker on the image plane (i-j plane) is calculated 
based on the lane marker already detected. When a lane 
point P (j-1 ) is detected on a horiZontal line adjacent to the 
object linej, letting a point of intersection of the object line 
j and a line passing through the lane point P and having a 
gradient 0t be a lane point Pj‘ (temporary lane point), a 
detection area Rj having a speci?ed Width is established on 
the basis of the temporary lane point Pj‘ in consideration of 
curves or detection errors. 

Further, under such conditions as a lane marker is broken 
(for example, a passing line shoWn in FIG. 6), such condi 
tions as lane markers are stained, or such conditions as a lane 
marker is curved, horiZontal lines on Which no lane marker 
can not detected exist. Such horiZontal lines are called 
“non-detectable line”. If such non-detectable lines appear 
consecutively after a narroW detection area R is established 
in Mode 0, there is a possibility that the detection area R is 
established in a position aWay from actual lane markers. 
Hence, as shoWn in FIG. 11, if no lane marker can be 
detected in an object line j and the number of non-detectable 
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lines exceeds a speci?ed value, the detection area R is 
gradually enlarged hereinafter. W1 shoWn in FIG. 11 denotes 
an alloWable minimum Width of the detection area R Which 
has been established When the lane point Ps are detected 
consecutively and W2 denotes an alloWable maximum Width 
of the detection area R. If a speci?ed number of non 
detectable lines appear consecutively even after the detec 
tion area R reaches the alloWable maximum Width W2, the 
mode shifts to Mode 1 in Which the detection area R is 
established based on the lane position in the previous frame. 
At a step 24, a lane marker is detected Within the detection 

area Rj established on the object line j. Further, a road 
surface brightness Aroad With respect to the object line j is 
also calculated at the step 24. If necessary, information 
calculated at the step 22 (pre-detection of road surface 
brightness) is used. The lane detection method according to 
this embodiment is characteriZed in using distance informa 
tion of the image calculated in the stereo image processing 
section 6 besides brightness information (brightness value 
and differential of brightness) of the image itself. Thus, in 
detecting the lane position in the image the use of distance 
information can enhance the accuracy of detection compared 
to the method only based on brightness information. The 
lane point P (i, detected for each horiZontal line is stored 
in a nemory constituting the micro-computer 9. 

FIG. 7 is diagram shoWing brightness characteristics of a 
horiZontal line containing a lane marker. As understood from 
this characteristic diagram, a horiZontal line Where a lane 
marker exists, has folloWing brightness characteristics: 

there is a strong edge intensity at the boarder of lane 
marker and asphalt surface(see FIG. 7b). 

there is a high brightness portion larger than brightness of 
road surfaces (see FIG. 7a). 

there is a high brightness portion equivalent to the Width 
(more than 10 centimeters)of an actual lane marker (see 
FIG. 701). 

Further, the horiZontal line in Which a lane marker exists, 
has folloWing distance characteristics: 

distance (parallax) is calculated at the boarder (edge 
section) of a lane marker and asphalt surface 

an approximately constant distance is calculated. 
In this embodiment, a candidate of lane marker is 

extracted based on brightness information of the image 
(brightness data stored in the image data memory 8). 
HoWever, at this stage, it is not certain that the extracted 
candidate of lane marker is on a road. Here, in order to raise 
the accuracy of lane detection, it is judged based on distance 
information (parallax stored in the distance data memory 7) 
Whether or not the candidate is on a road. 

First, the extraction of a lane candidate (hereinafter, 
referred to just as “lane”) Will be described. 

Referring to FIG. 7a and 7b, lane points P (start point Ps 
and end point Pe) are found based on the aforesaid bright 
ness characteristic according to the folloWing conditions. 
Here, the start point Ps denotes a lane point at an inside 
boarder of a lane marker and an asphalt surface and the end 
point Pe denotes a lane point at an outside boarder of a lane 
marker and an asphalt surface. 

Conditions of Start Point Ps 

1. The edge intensity (differential of brightness) is larger 
than a positive threshold value Eth. 

2. Brightness is larger than a threshold value Ath1 for 
judging a start point brightness. 

Conditions of end Point Pe 

3. The edge intensity (differential of brightness) is smaller 
than a negative threshold value —Eth. 
















